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Abstract: Seamless overlay between feature model and topographic landscape is a key link for 
intuitive understanding of geographic information. To address the problem of poor quality of 
current topographic landscape overlay images of gardens, a topographic landscape intelligent 
overlay algorithm based on wireless communication technology and feature fusion is proposed. 
The algorithm first uses UAV remote sensing equipment to collect topographic landscape images 
and transmit them by wireless communication, followed by image filtering, then feature extraction 
and feature fusion, and finally seamless overlaying by projection model. The results show that the 
spatial frequency and average gradient of the superimposed topographic landscape images meet 
the requirements, indicating that the resultant images after the application of the topographic 
landscape intelligent superimposition algorithm based on wireless communication technology and 
feature fusion retain the detail components of the topographic landscape images more realistically, 
with good clarity, and the image information is better maintained.  
Keywords: wireless communication technology; feature fusion; topographic landscape images; 
intelligent overlay algorithm; 
1 Introduction  
Garden topography landscape is the ground with objects such as garden vignettes, water bodies, 
garden buildings, plants and roads within the setting, and is the basic structure of the garden 
skeleton. Garden topography is usually a ground feature artificially constructed in the flat land 
according to the natural landscape. Reasonable inclusion of topographic landscape in the garden 
landscape can improve the artistry of the landscape and build a more delicate and superior off 
landscape. In the form, the natural relationship is the main way to reflect the Chinese garden, and 
the design of landscape topography is random and flexible, requiring constant modification and 
adjustment of the design plan, which increases the difficulty of landscape design. There are usually 
superimposed areas in the complex landscape garden topography landscape. In order to improve 
the artistry of garden design, it is necessary to carry out 3D reconstruction of the superimposed 
areas existing in the complex landscape garden topography landscape. The current problem of poor 
quality of landscape topography overlay images in the garden, so it is necessary to analyze and 
study the 3D reconstruction method of landscape topography overlay area in depth. To this end, a 
topographic landscape intelligent overlay algorithm based on wireless communication technology 
and feature fusion is proposed. The method first performs acquisition and transmits remote sensing 
images of topographic landscape through wireless communication technology, then carries out 
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map pre-processing, followed by image feature extraction and fusion, and finally performs feature 
point similarity matching to achieve intelligent overlay of topographic landscape. 
2 Research on intelligent superposition algorithm of topographic landscape 

In the geographical visualization scene representation, topographic landscape is the most 
basic information. In the community topographic landscape virtual reality process, not only large-
scale topographic landscape data, but also various features, including buildings and rivers, are also 
important components of the visualization. In the process of large-scale topographic landscape 
visualization, whether the scenery model and topographic model can be seamlessly overlaid is the 
key to the degree of visual perceptual fidelity. In the above-mentioned research algorithms, there 
are problems of low fitting and overlaying efficiency of the topographic landscape with the actual 
situation after the implementation of the overlaying function. In order to effectively solve the 
problems of the current research results, we propose an intelligent topographic landscape overlay 
algorithm based on wireless communication technology and feature fusion. 
2.1Remote sensing image acquisition and transmission of topographic landscapes 

UAV remote sensing technology belongs to low-altitude remote sensing technology. This 
technology is now widely used in military, agricultural, medical, and geographic mapping fields 
by virtue of the advantages of fast image acquisition, high resolution of acquired images, low cost, 
and good safety [1]. However, limited by the flight height of UAVs and the focal length of digital 
cameras, the single images acquired by UAVs are difficult to form an overall perception of the 
topographic landscape [2]. In order to further expand the field of view, it is necessary to 
superimpose multiple single images acquired by UAVs into a complete panoramic image of 
farmland. The structure of the topographic landscape remote sensing image acquisition system is 
shown in Fig.1 [3]. 
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Fig. 1 Structure of remote sensing image acquisition system for topographic landscape 

After the topographic landscape remote sensing image acquisition, it needs to be transmitted 
to the image processing center for further image processing through wireless communication 
technology [4].GPRS (General Packet Radio Service), or General Packet Radio Service. It is one 
of the elements implemented in the GSMPhase 2.1 specification and is a mobile packet data service 
developed on top of the existing GSM mobile communication system. GPRS is the introduction 
of two new network nodes on the original circuit-switched (CSD)-based GSM network: the GPRS 
Service Support Node (SGSN) and the Gateway Support Node (GGSN). The SGSN is at the same 
level as the MSC, tracks the storage unit of a single MS for security functions and access control, 
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and connects to the base station system via frame relay.  The GGSN supports interconnection with 
external packet switching networks.  GPRS terminals obtain data from the client system via an 
interface, and the processed GPRS packet data is sent to the GSM base station [5]. The packet data 
is encapsulated by the SGSN, which communicates with the gateway support node GGSN through 
the GPRS backbone. the GGSN processes the packet data accordingly and then sends it to the 
destination network. If the packet data is sent to another GPRS terminal, the data is sent from the 
GPRS backbone to the SGSN and then to the GPRS terminal through the BSS. the GPRS system 
provides data services on the wireless system by introducing packet data units into the original 
GSM system. In order to achieve data bearing, the GPRS system introduces several new network 
units such as PCU, SGSN, GGSN, and other units that assist in data service management and 
applications such as DNS and DHCP servers, Network Time Protocol NTP, billing gateway CG, 
etc [6]. The main functions of each network unit are as follows. 

PCU: PCU is a packet data processing unit that works in concert with BSC to provide wireless 
data processing functions, such as mapping of logical and physical links, packet unpacking, packet 
acknowledgement, and wireless data channel assignment, etc. PCU can be inserted into BSC as a 
module or exist as a unit independent of BSC. In addition, the PCU also has the function of Gb 
interface management. 

SGSN: SGSN is GPRS service support node, which provides connection with PCU of 
wireless packet controller through Gb interface for mobile data management, such as user 
identification, encryption, compression, etc.; it connects with HLR through Gr interface for user 
database access and access control; it also connects with GGSN through Gn interface for IP packet 
to wireless unit transmission path and protocol transformation, etc.; SGSN can also provide 
connection with Gs interface of MSC and Gd interface with SMSC to support data service and 
circuit service cooperation and SMS sending and receiving, etc. SGSN can also provide Gs 
interface connection with MSC and Gd interface connection with SMSC to support the cooperative 
work of data service and circuit service and SMS sending and receiving functions. 

GGSN: GGSN is responsible for the connection between GPRS network and external data 
network, providing the transmission path between GPRS and external data network, and carrying 
out the data transmission between mobile users and external data network, i.e. playing the role of 
routing. 

The image data in this system is transmitted to the remote server through the GPRS module, 
which is connected to the S3C2440 through the DART interface as seen above. Therefore, the 
system controls the wireless transmission of image data by sending AT commands to the GPRS 
module through the DART interface. The process of implementing wireless transmission of image 
data through GPRS network is mainly divided into: initialization of GPRS module, GPRS 
connection to remote server, and image data transmission [7]. 
2.2Topographic landscape remote sensing image pre-processing 

To improve the accuracy of image stitching, it is necessary to preprocess the image to be 
stitched to reduce the effect of noise, lighting, and geometric motion of the camera on image 
stitching during image acquisition [8]. Due to the hardware limitations of the camera or other 
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image acquisition devices, the images cannot exactly match the shape of nature, and because the 
lens is small and the field of view is large, various parts of the captured image do not match the 
angle of the lens, which is a typical case of image geometric distortion. When shooting two 
overlapping images, there is no guarantee that the overlapping parts are absolutely the same as the 
angle position of the lens when shooting, so this tends to cause the images to be inaccurately 
aligned when matching. Thus, it is more important to solve the problem of distortion, and the basic 
idea is to establish the corresponding mathematical model according to the specific cause of image 
distortion, and then carry out the corresponding transformation. The image may also encounter 
some situations in nature during the shooting process, such as flying insects, animals, etc., which 
may cause us to be affected when shooting the same part of the image, and also affect the image 
matching [9]. The traditional methods are generally filtering the image, such as mean filtering, 
median filtering, Gaussian filtering, etc. Their main idea is to reduce the impact on the image 
matching process by suppressing the high frequency signal. Among them, mean filtering refers to 
the use of the mean value of the pixels in the field to replace their own gray values, thus making 
the image smoother and reducing high-frequency signals, and there are various algorithms for 
mean filtering, including arithmetic mean filtering, geometric mean filtering, harmonic mean 
filtering, and inverse harmonic filtering, among which arithmetic mean filtering is simpler and 

more commonly used [10]. For the input image  ,f x y , average filtering is carried out on any 

pixel point  ,x y . At this time, a matrix window with the size of m n  is selected, in which xyS  

is the center of the filter and  ' ,f x y  represents the entire filter. Is the image after average 

filtering, and the formula is as follows: 

 
 

 ,

,

' , xyx y S

f x y

f x y
m n







（1） 

To put it simply, average filtering is to replace the pixel value at  ,x y  with the average pixel 

value in the matrix with the size of m n centered on  ,x y . 

2.3Feature extraction of remote sensing images of topographic landscapes 
The first step of image stitching based on feature point matching is to extract the feature points 

in the image [11]. Feature points in an image refer to information such as edges, gradients, and 
textures of objects in the image. Feature points are divided into local feature points and global 
feature points. Local feature points refer to the local areas where the grayscale changes of the 
object are more obvious, such as the edges and corners of the object; global feature points refer to 
the overall feature information of the object including the color information, shape information, 
and texture information of the object [12]. Algorithms usually have compatible environments, and 
the same is true for feature point extraction algorithms. The quality of feature point extraction, as 
a matching element, has a direct impact on the effectiveness of the subsequent matching [13]. The 
main algorithms for extracting feature points in images are edge detection algorithm, SIFT 
extraction algorithm and Harris corner detection algorithm. In the following, these three algorithms 
will be briefly introduced, and the environment in which each algorithm is used as well as its own 
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advantages and disadvantages will be pointed out. Through comparison and analysis, the suitable 
feature point extraction algorithm is finally selected. 

(1) SIFT feature point extraction algorithm 
The SIFT algorithm can solve these problems to a certain extent due to the differences in 

rotation and translation as well as illumination and occlusion of the target image caused by the 
target's own state, the environment in which the scene is located and the characteristics of the 
imager [14]. Professor David G. Lowe of British Columbia University proposed a scale invariant 
feature transformation algorithm (SIFT) based on scale space, which is invariant to image scaling, 
rotation and even radiative transformation, and its core is to map an image into a local feature 
vector set. Its features are. 

1) Based on the image for feature extraction, it can further reduce the candidate points and 
improve the matching speed when the feature points are extracted and reused. 

2) Good robustness, feature-based graphics matching can avoid as much as possible the 
change of image pixels in the local area due to various factors, and the method of feature extraction 
can make the extracted features subject to the minimum interference of such factors, so that better 
robustness can be obtained. 

3) Fast, feature-based matching algorithm does not need to match the image pixel by pixel, 
but only by matching the extracted features. The computational effort of the extracted features will 
be greatly reduced compared to the original image. 

The SIFT algorithm is described below. 
Define a Gaussian function on a two-dimensional space: 

 
2 2

22
2

1
, ,

2

x y

zG x y z e
z




 （2） 

Where, z  is the variance of the Gaussian normal distribution;  ,x y  corresponds to the pixel 

coordinates of the image. 
The scale space of the image at the scale L . 

     , , , , ,L x y z G x y z I x y  （3） 

Where,  ,I x y  is the original image. 

The size of the image scale L  determines the detail information of the image; the smaller the 
scale, the more detail information of the image; the larger the scale, the more contour information 
of the image is reflected. z  is proportional to the smoothness of the image and the size of the scale. 

(2) Harris corner point detection algorithm 
The definition of corner point is that if a small change of a point in any direction will cause a 

big change of gray scale, then we call it a corner point. The basic idea is that in the flat area of the 
image, moving in any direction, the image has no grayscale change; in the edge area, moving along 
the edge area, no grayscale change; only in the corner point out, moving in any direction, the image 
has obvious grayscale change [15]. The basic principle is that: a detection window is selected and 
a threshold is set; the window is moved in any direction at any position in the image, and if the 
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energy change of the window during the movement exceeds the set threshold, the center point in 
the image location where this window is located is a corner point. 

(3) Canny edge detection algorithm 
The pixel point at the edge, its grayscale change and color change are more dramatic, 

according to the learned mathematics, it is known that the partial derivative of the function can 
determine the edge. 

If a pixel point is an edge pixel, then it has a large gap with the gray value of the surrounding 
pixels. We can use this property of edge pixels to detect whether the point is an edge pixel or not, 
and the canny edge detection algorithm is one of them. The flow of the algorithm for detecting 
image edges using the Canny edge detection operator is as follows. 

The detection method of double threshold is as follows: 

Two thresholds h lT T  are set, according to which two edge images  1 ,N i j  and  2 ,N i j  

can be obtained. The two images are neutralized. Look for the edge point connecting the contour 

in image  2 ,N i j  in image  1 ,N i j . When no new contour appears in  2 ,N i j , the process ends. 

The steps of Canny edge detection algorithm are as follows: 
Step 1: for increasing standard deviation (repeat steps (2) to (6)). 
Step 2: convolution of the image f with a Gaussian function of scale. 
Step 3: for each pixel in the image, estimate the normal n to the local edges. 
Step 4: Finding the location of the edges using the non-maximum suppression formula. 
Step 5: Calculate the edge intensity. 
Step 6: Doing hysteresis thresholding of the edge image to eliminate spurious responses. 
Step 7: Collect the final edge information from multiple scales using the feature synthesis 

method. 
2.3Feature point fusion of remote sensing images of topographic landscapes 

After feature detection and feature description, feature matching is required to match the same 
feature points between the reference image and the image to be overlaid, and these matched feature 
point pairs are called matched point pairs [16]. The image feature detection and feature description 
methods are designed to obtain feature points and their feature description vectors with invariance 
and uniqueness, but in practice, none of the existing algorithms can fully meet the above 
requirements, and the feature description vectors between the image homonyms are not exactly 
the same [17]. Therefore, when feature point matching is performed, the feature point pair with 
the highest similarity of feature description vectors between the reference image feature points and 
the feature points of the image to be stitched is usually found as the matched point pair to achieve 
image feature point fusion. 

The feature vector T  describes the location parameters of the points at relative scales, and 
the elements present in the same topographic feature vector remain unchanged under similar 
transformation conditions such as different rotation changes and scale changes [18]. The difference 
existing between two feature vectors can be described by the distance between feature vectors, the 
distance between feature vectors in the same terrain is zero, and the distance between feature term 
vectors in different terrains is larger, and the distance between feature vectors completes the 
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matching positioning between the real-time map of the garden topographic landscape overlay 
region and the reference topographic map to realize the 3D simulation of the garden topographic 
landscape overlay region [19]. 

Calculate the distance between feature vectors in the landscape topography overlay region 

based on the feature vector components. Let  ,a a a
j j jt r h  and  ,b b b

k k kt r h  represent the components 

corresponding to the contour edge feature vectors aT  and bT  of the landscape overlay region of 

the garden topography, respectively, and  ,a b
j kd t t  represents the distance between component 

 ,a a a
j j jt r h  and component  ,b b b

k k kt r h , whose calculation formula is as follows. 

     2 2
,a b a b a b

j k j k j kd t t t r h h    （4） 

The distance  ,a bD T T  between two feature vectors in the contour edge of the landscape 

overlay region of the garden topography is obtained from the two components. 

   
1

, ,
M

a b a b
j k

i

D T T d t t


 （5） 

Where M  represents the dimensionality of the two feature vectors in the contour edges of 
the landscape overlay region of the garden topography. 

The steps to complete the 3D reconstruction of the landscape overlay region using the 

distance between the feature vectors are as follows: establish the feature vector 1T  of the contour 

edge of the landscape overlay region, and extract the one-dimensional extreme value points 
existing in the contour edge of the landscape overlay region. The extracted extreme value points 
are used as the central reference points in the contour edges of the landscape overlay region of the 
garden topography, respectively, and feature descriptions of the same dimension are constructed 

to obtain the candidate matching feature vector sets  21 22 2, , ..., sT T T  with s  reference points for 

different extreme value points, respectively. The distance between feature vectors in the contour 
edges of the landscape overlay region of the garden topography is calculated and matching is 
completed [20-21].Calculate the feature distances of the vectors in the base map and the vectors 

to be matched in the real-time map, respectively, and extract the feature 2kT  with the minimum 

distance between the feature vector 1T , as the matching feature to complete the matching, i.e., the 

feature 2kT  should satisfy the following equation when matching in the base map. 

         1 2 1 21 1 22 1 23 1 2, min , , , , , ,..., ,k sD T T D T T D T T D T T D T T   （6） 

2.4 Realize intelligent overlay of topographic landscape 
A panoramic image refers to the acquisition of images at a fixed point of view with a camera 

or video camera in a certain way, and then the images are input to a computer for intelligent image 
overlay, fusion and other processing to generate seamless panoramic images. Panoramic image 
superimposition is a complex process, and a typical system is generally divided into several 
modules with sample acquisition, feature extraction, feature fusion and seamless superimposition. 
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Seamless overlay is realized by projection model. Projection models are generally flat, 
cylindrical, spherical or polyhedral, and suitable projection models are selected to present 
panoramic images on the projection plane to show the real scene effect. Among them, the spherical 
and polyhedral models can reflect the spatial information of the field of view in all directions, 
while the cylindrical model can only reflect the spatial information of the front and rear of the 
viewpoint, and cannot reflect the change of up and down. Compared with the spherical and 
polyhedral models, which are more difficult in terms of local image synthesis algorithms and take 
longer to process, the cylindrical panoramic image is simple to construct and does not require all 
the spatial information in many cases, so the cylindrical model is the most used projection model. 

Columnar projection is a perspective projection, which is the projection of multiple images 
to be superimposed onto a cylindrical surface, i.e., it is necessary to get the imaging of the image 
on the columnar surface from the viewpoint. For the remote sensing images to be superimposed, 
the columnar or spherical projection model can be selected. There is little difference between the 
effect of stitching columnar and spherical images in the horizontal direction, and the columnar 
projection model is considered when there are vertical images for stitching. In this paper, we adopt 
the columnar projection model, and after projecting all the images to the columnar coordinate 
system where the reference image is located, we remove the redundant information of the 
overlapping part between the images and connect all the images to obtain a 360 columnar 
panorama. 
3 Algorithm Performance Test 
3.1 Remote sensing image acquisition 

Using the UAV remote sensing equipment to collect a regional topographic landscape remote 
sensing image, the image acquisition interval is 3s, the image acquisition target area range is 
100m* 500m, the resolution of the collected remote sensing image is 758* 1012. the collected 
image to the image is shown in Fig.2 below. Among them, the UAV is a quadrotor UAV with 
PIXHAWK open source flight control as the control core, HOBBYWING Platinum 30A ESC, 
SUNNYSKY 41 l OS 400KV as the power driver, and communicate with the ground control 
system through GPRS module. Image acquisition module consists of Feiyu gopro3 3-axis 
brushless gimbal, Hawkeye 6S camera, CUAV HACK-LINK 2.4G digital map transfer and 
Magewell USB Capture SDI video capture card. 

 
Fig. 2 Schematic diagram of remote sensing image 
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3.2 Topographic landscape overlay results 
According to the text process, the topographic landscape images are superimposed, and the 

results are shown in Fig. 3 below. 

 
Fig. 3 Results of topographic landscape image overlay 
3.3 Evaluation index 

(1) Spatial frequency 
Spatial frequency generally reflects the overall activity of the whole image. Therefore, the 

greater the spatial frequency, the richer the details of that image and the higher the picture quality 
of the image. The spatial frequency reaches 15.00 or more to reach the standard. 

(2)Average gradient  
The average gradient reflects the magnitude of detail differences in the image, i.e. the 

sharpness of the image. An average gradient of 5.00 or more meets the standard. 
3.4Analysis of results 

The spatial frequency and average gradient of topographic landscape images superimposed 
in Fig. 3 were calculated, and the results were shown in Table 1 below. 

Table 1 Statistical results of spatial frequency and mean gradient of topographic 
landscape images 
index numerical value 
spatial frequency 15.0985 
Average gradient 7.3620 

From Table 1, it can be seen that the spatial frequency and average gradient of the 
superimposed topographic landscape images meet the requirements, which indicates that the 
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resultant images after the application of topographic landscape intelligent superimposition 
algorithm based on wireless communication technology and feature fusion retain the detail 
components of topographic landscape images more realistically, with good clarity, and the image 
information is better maintained.  
4 Conclusion 

Research on the 3D reconstruction method of garden topographic landscape overlay region 
can improve the accuracy of 3D reconstruction model. Regarding the problems of low 
reconstruction efficiency and low accuracy of the current method of 3D reconstruction of the 
superimposed area of garden topographic landscape, the 3D simulation method of the 
superimposed area of garden topographic landscape with complex landforms is proposed. The 
method can complete the 3D reconstruction of the garden topographic landscape superimposed 
area in a relatively short time, and the fit between the reconstructed results and the actual garden 
topographic landscape superimposed area is high, which solves the problems in the current 3D 
reconstruction method of the garden topographic landscape superimposed area and lays a 
foundation for the reconstruction of the complex landscape garden topographic landscape 
superimposed area. 
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